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DESCRIPTION 
LIGHT SCATTERING TYPE PARTICLE DETECTOR 

5 Technical Field 

The present invention relates to a light scattering type particle detector in 
which fluid to be monitored is introduced into a particle detecting area, particles 
contained in the fluid are irradiated with light, and scattered light by the particles is 
received so as to detect presence of the particles. 

10 

Background Art 

Conventionally, in order to detect fine particles contained in fluid, the fluid is 
allowed to flow through an area where laser light having a high intensity of energy 
resonates, so that the particles can be irradiated with such laser light In this way, fine 

16 particles cad be detected. As an example, there is known a fight scattering type 
particle detector such as shown in FIG 6, which employs a solid-state laser pumped by 
a semiconductor laser (for example, see USP 5,642,193 and USP 5,903,347). 

In the conventional light scattering type particle detector, pumping laser light 
Le emitted from a semiconductor laser 100 is condensed with a condenser lens system 

20 101 toward a solid-state laser medium 102, and thereby laser light La is emitted from 
the solid-state laser medium 102. After the laser fight La is transmitted through a 
nonlinear optical crystal 103 so as to reduce the wavelength thereof, the laser light La is 
directed to fluid. The particle detector further comprises a reflecting minor 104, a 
flow path 105 which is defined by fluid flowing in direction A, a laser driving circuit 

25 106 having a temperature controlling circuit for controlling the temperature of the 
semiconductor laser 100, a Peltier device 107, a heat sink 108, a particle detecting area 
109, and a light receiving portion 110. 

However, in the conventional light scattering type particle detector, it is 
necessary to control the wavelength X of the pumping laser fight Le emitted from the 
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semiconductor laser 100 to be a wavelength in which the solid-state laser medium 102 
can absorb energy most effectively (such as 810 tun). 

In order to control the wavelength X of the pumping laser light Le, the 
temperature of the semiconductor laser 100 needs to be controlled. For this purpose, 
5 the conventional particle detector requires the temperature controlling circuit 106, the 
Peltier device 107, the heat sink 108 or the like. Consequently, there is a drawback 
that the elements for controlling the temperature of the semiconductor laser 100 are 
considerably large-scale* 

The present invention was made to solve the above-mentioned drawback, and 
10 the object of the present invention is to provide a light scattering type particle detector 
in which light having a low energy intensity emitted from a light source is converted 
into light having a high energy intensity so as to detect fine particles. 

Disclosure of the Invention 

15 For solving the above-mentioned drawback, according to an aspect of the 

present invention, there is provided a light scattering type particle detector in which 
particles contained in fluid are irradiated with light, and light scattered by the particles 
is received so as to detect the particles, wherein the light is obtained by converting the 
wavelength of light emitted from a light source with a nonlinear optical crystal* 

20 According to another aspect of the present invention, in the above light 

scattering type particle detector, the light is reciprocated between a reflecting film of the 
nonlinear optical crystal and a mirror, or between a mirror and a mirror, which oppose 
one another with the particle detecting area interposed therebetween. 

25 Brief Description of the Drawings 

FIG 1 is a schematic view of a light scattering type particle detector according 
to the first embodiment of the present invention; 

FIG 2 is a schematic view of a light scattering type particle detector according 
to the second embodiment of the present invention; 
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FIG 3 is a schematic view of a light scattering type particle detector according 
to the third embodiment of the present invention; 

FIG 4 is a schematic view of a light scattering type particle detector according 
to the fourth embodiment of the present invention; 
5 FIG 5 is a schematic view of a light scattering type particle detector according 

to the fifth embodiment of the present invention; and 

FIG 6 is a schematic view of a conventional light scattering type particle 

detector. 

10 Best Mode for Carrying Out the Invention 

Preferred embodiments of the present invention will now be described with 
reference to the accompanying drawings. FIG 1 is a schematic view of a light 
scattering type particle detector according to the first embodiment of the present 
invention, FIG 2 is a schematic view of a light scattering type particle detector 

15 according to the second embodiment, FIG 3 is a schematic view of a light scattering 
type particle detector according to the third embodiment, FIG 4 is a schematic view of a 
light scattering type particle detector according to the fourth embodiment, and FIG 5 is 
a schematic view of a light scattering type particle detector. 

As shown in FIG 1, the light scattering type particle detector according to the 

20 first embodiment is comprised of a light generator 1 for generating light Lb, a flow path 
2 which is defined by fluid to be monitored, and a light receiving portion 3 for receiving 
scattered light Ls. 

The light generator 1 comprises a light-emitting diode (LED) 11 for emitting 
light La having a wavelength of X as a light source, a condensing lens system 12 for 
25 condensing the light La emitted from the LED 11, a nonlinear optical crystal 13 for 
emitting a second harmonic (light Lb having a wavelength of X/2) by receiving the light 
La having a wavelength of X condensed with the condensing lens system 12, and a 
reflecting mirror 14 for reflecting the light Lb having a wavelength of X/2 emitted from 
the nonlinear optical crystal 13 to reflect the light Lb back to the nonlinear optical 
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crystal 13. The nonlinear optical crystal 13 and the reflecting mirror 14 which oppose 
one another with the particle detecting area interposed therebetween* 

The nonlinear optical crystal 13 can also emit a fundamental harmonic (light 
La having a wavelength of A), a third harmonic (light having a wavelength of A/3), a 
5 fourth harmonic (light having a wavelength of A/4) and so on as well as a second 
harmonic (light Lb having a wavelength of A/2). However, the case of using a second 
harmonic will be explained hereinafter. 

An anti-reflecting film 13c and a reflecting film 13d are provided in an end 
surface 13a of the nonlinear optical crystal 13 on the side of the condensing lens system 

10 12. The anti-reflecting film 13c transmits the light La emitted from the LED 11 . The 
reflecting film 13d reflects a second harmonic (light Lb having a wavelength of A/2) 
emitted from the nonlinear optical crystal 13, and transmits a fundamental harmonic 
(light La having a wavelength of X) and harmonics other than a second harmonic (light 
Lb having a wavelength of A/2). 

16 Another anti-reflecting film 13e with respect to the light Lb having a 

wavelength of A/2 emitted from the nonlinear optical crystal 13 is provided in the other 
end surface 13b of the nonlinear optical crystal 13 on the side of the reflecting minor 14. 
Since the reflecting mirror 14 reflects all kinds of light, only a second harmonic (light 
Lb having a wavelength of A/2) reciprocates between the nonlinear optical crystal 13 

20 and the reflecting mirror 14, 

The flow path 2 is defined by fluid to be monitored which flows from an inlet 7 
to an outlet 6 in direction A by aspirating with an aspirating pump (not shown in the 
drawings) connected to the downstream of the outlet 6. The area where the light Lb 
and the flow path 2 intersect perpendicularly is a particle detecting area 8. 

25 The light receiving portion 3 comprises a receiving lens for receiving scattered 

light Ls generated in the particle detecting area 8, and a photodiode for photoelectrical^ 
converting the scattered light Ls. If particles are contained in the fluid, the light Ls 
scattered by the particles irradiated with the light Lb in the particle detecting area 8 is 
received, and an electric signal depending on the intensity of the scattered light Ls is 
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output 

The operation of the above-mentioned light scattering type particle detector 
according to the first embodiment will be explained hereinafter. 

The light La having a wavelength of X emitted from the LED 11 is condensed 
5 with the condensing lens system 12 and introduced to the nonlinear optical crystal 13. 
The light La having a wavelength of \ is converted into the light Lb having a 
wavelength of ty2 when emitted from the nonlinear optical crystal 13. 

The light Lb having a wavelength of X/2 emitted from the nonlinear optical 
crystal 13 is reflected on the reflecting minor 14 so as to reflect back to the nonlinear 
10 optical crystal 13, and reflected on the reflecting film 13d formed on the end surface 
13a of the nonlinear optical crystal 13. In this way, the light Lb having a wavelength 
of 7J2 is allowed to reciprocate between the reflecting film 13d and the reflecting 
mirror 14* 

Consequently, the light Lb is confined within an area between the reflecting 
15 film 13d and the reflecting mirror 14, and thereby higher energy intensity can be 
obtained compared to the light La emitted from the LED 11. 

In addition, since the wavelength XI2 of the light Lb which forms the particle 
detecting area 8 is half of the wavelength X of the light La emitted from the LED 11, 
the intensity of the scattered light from the light Lb is higher than that from the light La. 
20 This is because the intensity of light scattered by particles is inversely proportional to 
the fourth power of the wavelength A/2 of the light Lb incident upon the particles. 

As shown in FIG 2, the light scattering type particle detector according to the 
second embodiment is comprised of a light generator 21 for generating light Lb, a flow 
path 2 which is defined by fluid to be monitored, and a light receiving portion 3 for 
25 receiving scattered light Ls. 

The light generator 21 comprises a light-emitting diode (LED) 11 for emitting 
light La having a wavelength of \ as a light source, a condensing lens system 12 for 
condensing the light La emitted from the LED 11, a dichroic mirror 22 for transmitting 
the light La condensed with the condensing lens system 12, a nonlinear optical crystal 
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23 for emitting a second harmonic (light Lb having a wavelength of V2) by receiving 
the light La having a wavelength of X transmitted through the dichroic mirror 22, and a 
reflecting mirror 14 for reflecting the light Lb having a wavelength of X/2 emitted from 
the nonlinear optical crystal 23 to reflect the light Lb back to the dichroic mirror 22. 
6 The nonlinear optical crystal 23 and the reflecting mirror 14 oppose one another with 
the flow path 2 interposed therebetween. 

The nonlinear optical crystal 23 can also emit a fundamental harmonic (light 
La having a wavelength of X), a third harmonic (light having a wavelength of X/3), a 
fourth harmonic (light having a wavelength of X/4) and so on as well as a second 
10 harmonic (light Lb having a wavelength of X/2). However, the case of using a second 
harmonic will be explained hereinafter. 

The dichroic mirror 22 transmits a fundamental harmonic (light La having a 
wavelength of X) and harmonics other than a second harmonic (light Lb having a 
wavelength of X/2), and reflects only a second harmonic (light Lb having a wavelength 
15 of X/2) selectively. Since the reflecting mirror 14 reflects all kinds of light, only a 
second harmonic (light Lb having a wavelength of X/2) reciprocates between the 
dichroic mirror 22 and the reflecting mirror 14. 

Explanations are omitted regarding the elements having the same reference 
shown in FIG 1 such as the flow path 2, the light receiving portion 3 or the like because 
20 they are the same as the first embodiment. 

The operation of the above-mentioned light scattering type particle detector 
according to the second embodiment will be explained hereinafter. 

The light La having a wavelength of X emitted from the LED 11 is condensed 
with the condensing lens system 12 and transmitted through the dichroic mirror 22. 
25 The transmitted light La is incident upon the nonlinear optical crystal 23. The light La 
having a wavelength of X is converted into the light Lb having a wavelength of X/2 
when emitted from the nonlinear optical crystal 23. 

The light Lb having a wavelength of X/2 emitted from the nonlinear optical 
crystal 23 is reflected on the reflecting mirror 14 so as to reflect back to the nonlinear 



optical crystal 23, transmitted through the nonlinear optical crystal 23, and reflected on 
the dichroic mirror 22. In this way, the light Lb having a wavelength of V2 is allowed 
to reciprocate between the dichroic mirror 22 and the reflecting mirror 14. 

Consequently, the light Lb is confined within an area between the dichroic 
5 mirror 22 and the reflecting mirror 14, and thereby higher energy intensity can be 
obtained compared to the light La emitted from the LED 11. 

In addition, since the wavelength of the light Lb which forms the particle 
detecting area 8 is half of the wavelength of the light La emitted from the LED 11, the 
intensity of the scattered light from the light Lb is higher than that from the light La. 
10 This is because the intensity of light scattered by particles is inversely proportional to 
the fourth power of the wavelength X/2 of the light Lb incident upon the particles. 

As shown in FIG 3, the light scattering type particle detector according to the 
third embodiment is comprised of a light generator 31 for generating light Lb, a flow 
path 2 which is defined by fluid to be monitored, and a light receiving portion 3 for 
15 receiving scattered light Ls. 

The light generator 31 comprises a light-emitting diode (LED) 11 for emitting 
light La having a wavelength of \ as a light source, a condensing lens system 12 for 
condensing the light La emitted from the LED 11, a dichroic mirror 22 for transmitting 
the light La condensed with the condensing lens system 12, and a nonlinear optical 
20 crystal 33 for emitting a second harmonic (light Lb having a wavelength of ty2) by 
receiving the light La having a wavelength of X transmitted through the dichroic mirror 
22. 

The nonlinear optical crystal 33 can also emit a fundamental harmonic (light 
La having a wavelength of X), a third harmonic (light having a wavelength of X/3), a 
25 fourth harmonic (light having a wavelength of X/4) and so on as well as a second 
harmonic (light Lb having a wavelength of X/2). However, the case of using a second 
harmonic will be explained hereinafter. 

A reflecting film 33b is provided in an end surface 33a of the nonlinear optical 
crystal 33 on the opposite side of the dichroic mirror 22, The reflecting film 33b 
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reflects a second harmonic (light Lb having a wavelength of X/2) transmitted through 
the nonlinear optical crystal 33, and transmits a fundamental harmonic (light La having 
a wavelength of X) and harmonics other than a second harmonic (light Lb having a 
wavelength of X/2). 

5 Explanations are omitted regarding the elements having the same reference 

shown in FIG 1 and FIG 2 such as the flow path 2, the light receiving portion 3, the 
dichxoic mirror 22 or the like because they are the same as the first embodiment and the 
second embodiment. 

The operation of the above-mentioned light scattering type particle detector 

10 according to the third embodiment will be explained hereinafter. 

The light La having a wavelength of X emitted from the LED 11 is condensed 
with the condensing lens system 12 and transmitted through the dichroic mirror 22. 
The transmitted light La is incident upon the nonlinear optical crystal 33. The light La 
having a wavelength of X is converted into the light Lb having a wavelength of X/2 

15 when transmitted through the nonlinear optical crystal 33. 

The light Lb having a wavelength of X/2 transmitted through the nonlinear 
optical crystal 33 is reflected on the reflecting film 33b formed on the end surface 33a 
of the nonlinear optical crystal 33, transmitted through the nonlinear optical crystal 33 
again, and reflected on the dichroic mirror 22. In this way, the light Lb having a 

20 wavelength of X/2 is allowed to reciprocate between the dichroic mirror 22 and the 
reflecting film 33b of the nonlinear optical crystal 33. 

Consequently, the light Lb is confined within an area between the dichroic 
minor 22 and the reflecting film 33b, and thereby higher energy intensity can be 
obtained compared to the light La emitted from the LED 11. 

25 In addition, since the wavelength of the light Lb which forms the particle 

detecting area 8 is half of the wavelength of the light La emitted from the LED 11, the 
intensity of the scattered light from the light Lb is higher than that from the light La. 
This is because the intensity of light scattered by particles is inversely proportional to 
the fourth power of the wavelength X/2 of the light Lb incident upon the particles. 



As shown in FIG 4, the light scattering type particle detector according to the 
fourth embodiment is comprised of a light generator 41 for generating light Lb, a flow 
path 2 which is defined by fluid to be monitored, and a light receiving portion 3 for 
receiving scattered light Ls. 
5 The light generator 41 comprises a light-emitting diode (LED) 11 for emitting 

light La having a wavelength of X as a light source, a condensing lens system 12 for 
condensing the light La emitted from the LED 11, a dichroic mirror 42 for transmitting 
the light La condensed with the condensing lens system 12, a nonlinear optical crystal 
43 for emitting a second harmonic (light Lb having a wavelength of X/2) by receiving 
10 the light La having a wavelength of X. transmitted through the dichroic mirror 42, and 
reflecting mirrors 44 and 45 for reflecting the light Lb emitted from the nonlinear 
optical crystal 43 to reflect the light Lb back to the dichroic mirror 42. 

The nonlinear optical crystal 43 can also emit a fundamental harmonic (light 
La having a wavelength of X), a third harmonic (light having a wavelength of X/3), a 
15 fourth harmonic (light having a wavelength of A/4) and so on as well as a second 
harmonic (light Lb having a wavelength of X/2). However, the case of using a second 
harmonic will be explained hereinafter. 

The dichroic minor 42 transmits a fundamental harmonic (light La having a 
wavelength of X) and harmonics other than a second harmonic (light Lb having a 
20 wavelength of X/2), and reflects only a second harmonic (light Lb having a wavelength 
of X/2) selectively- Since the reflecting mirrors 44 and 45 reflect all kinds of light, 
only a second harmonic (light Lb having a wavelength of X/2) reciprocates between the 
-dichroic mirror 42 and the reflecting mirrors 44 and 45. 

Explanations are omitted regarding the elements having the same reference 
25 shown in FIG 1 such as the flow path 2, the light receiving portion 3 or the like because 
they are the same as the first embodiment 

The operation of the above-mentioned light scattering type particle detector 
according to the fourth embodiment will be explained hereinafter. 

The light La having a wavelength of X emitted from the LED 11 is condensed 
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with the condensing lens system 12 and transmitted through the dichioic mirror 42. 
The transmitted light La is incident upon the nonlinear optical crystal 43. The light La 
having a wavelength of X is converted into the light Lb having a wavelength of X/2 
when emitted from the nonlinear optical crystal 43. 
5 The light Lb having a wavelength of A/2 transmitted through the nonlinear 

optical crystal 43 is reflected on the reflecting miiror 44, the reflecting mirror 45, and 
thereafter reflected on dichroic mirror 42. In this way, the light Lb having a 
wavelength of X/2 is allowed to circulate through the dichroic mirror 42, the nonlinear 
optical crystal 43,the reflecting mirror 44, and the reflecting minor 45 in this order. 

10 Consequently, the light Lb is confined within an area among the dichroic 

mirror 42, the reflecting mirrors 44 and 45, and thereby higher energy intensity can be 
obtained compared to the light La emitted from the LED 11. 

In addition, since the wavelength of the light Lb which forms the particle 
detecting area 8 is half of the wavelength of the light La emitted from the LED 11, the 

15 intensity of the scattered light from the light Lb is higher than that from the light La. 
This is because the intensity of light scattered by particles is inversely proportional to 
the fourth power of the wavelength X/2 of the light Lb incident upon the particles. 

As shown in FIG 5, the light scattering type particle detector according to the 
fifth embodiment is comprised of a light generator 51 for generating light Lb, a flow 

20 cell 52 which is defined by fluid to be monitored, and a light receiving portion 3 for 
receiving scattered light Ls. 

The light generator 51 comprises a light-emitting diode (LED) 11 for emitting 
light La having a wavelength of X as a light source, a condensing lens system 12 for 
condensing the light La emitted from the LED 11, a nonlinear optical crystal 53 for 

25 emitting a second harmonic (light Lb having a wavelength of X/2) by receiving the light 
La having a wavelength of X condensed with the condensing lens system 12, and a 
reflecting mirror 54 for reflecting the light Lb having a wavelength of X/2 emitted from 
the nonlinear optical crystal 53 to reflect the light Lb back to the nonlinear optical 
crystal 53. The nonlinear optical crystal 53 and the reflecting mirror 54 oppose one 

10 



another with the flow cell 52 interposed therebetween. 

The nonlinear optical crystal 53 can also emit a fundamental harmonic (light 
La having a wavelength of X), a third harmonic (light having a wavelength of X/3), a 
fourth harmonic (light having a wavelength of X/4) and so on as well as a second 
5 harmonic (light Lb having a wavelength of X/2). However, the case of using a second 
harmonic will be explained hereinafter. 

An anti-reflecting film 53c and a reflecting film 53d are provided in an end 
surface 53a of the nonlinear optical crystal 53 on the side of the condensing lens system 
12. The anti-reflecting film 53c transmits the light La emitted from the LED 11. The 

10 reflecting film 53d reflects a second harmonic (light Lb having a wavelength of X/2) 
emitted from the nonlinear optical crystal 53, and transmits a fundamental harmonic 
(light La having a wavelength of X) and harmonics other than a second harmonic (light 
Lb having a wavelength of X/2). 

Another anti-reflecting film 53e with respect to the light Lb having a 

15 wavelength of X/2 emitted from the nonlinear optical crystal 53 is provided in the other 
end surface 53b of the nonlinear optical crystal 53 on the side of the reflecting mirror 54. 
Since the reflecting mirror 54 reflects all kinds of light, only a second harmonic (light 
Lb having a wavelength of X/2) reciprocates between the nonlinear optical crystal 53 
and the reflecting mirror 54. 

20 The flow cell 52 is a tubular member having a rectangular cross section- 

Fluid to be monitored flows from an inlet to an outlet in the direction perpendicular to 
the paper by aspirating with an aspirating pump connected to the downstream of the 
outlet. The area where the light Lb and the fluid intersect is a particle detecting area 8. 
The nonlinear optical crystal 53 and the reflecting mirror 54 are bonded to an outer wall 

25 52a of the flow cell 52 in a state where the nonlinear optical crystal 53 and the reflecting 
mirror 54 are opposed to each other. 

Explanations are omitted regarding the elements having the same reference 
shown in FIG 1 such as the light receiving portion 3 or the like because they are the 
same as the first embodiment 
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The operation of the above-mentioned light scattering type particle detector 
according to the fifth embodiment will be explained hereinafter. 

The light La having a wavelength of X emitted from the LED 11 is condensed 
with the condensing lens system 12 and introduced to the nonlinear optical crystal 53. 
5 The light La having a wavelength of X is converted into the light Lb having a 
wavelength of W2 when emitted from the nonlinear optical crystal 53. 

The light Lb having a wavelength of ty2 emitted from the nonlinear optical 
crystal 53 is transmitted through the flow cell 52, reflected on the reflecting mirror 54, 
transmitted through the flow cell 52 again, reflected back to the nonlinear optical crystal 
10 53, and reflected on the reflecting film 53d of the nonlinear optical crystal 53. In this 
way, the light Lb having a wavelength of X/2 is allowed to reciprocate between the 
reflecting film 53d and the reflecting mirror 54. 

Consequently, the light Lb is confined within an area between the reflecting 
film 53d and the reflecting mirror 54, and thereby higher energy intensity can be 
15 obtained compared to the light La emitted from the LED 11. 

In addition, since the wavelength of the light Lb which forms the particle 
detecting area 8 is half of the wavelength of the light La emitted from the LED 11, the 
intensity of the scattered light from the light Lb is higher than that from the light La. 
This is because the intensity of light scattered by particles is inversely proportional to 
20 the fourth power of the wavelength 7J2 of the light Lb incident upon the particles. 

In the above-mentioned embodiments, the LED 11 is used as a light source. 
However, a lamp or a semiconductor laser can also be used. 

As mentioned above, the nonlinear optical crystal 13, 23, 33, 43 or 53 can also 
emit a fundamental harmonic (light La having a wavelength of X), a third harmonic 
25 (light having a wavelength of X/3), a fourth harmonic (light having a wavelength of k 
/4) and so on as well as a second harmonic (light Lb having a wavelength of X/2). 
Although only the case of using a second harmonic is explained in the above-mentioned 
embodiments, it is expected that the same effect can be obtained in the case of using a 
third harmonic (having a wavelength of X/3), a fourth harmonic (having a wavelength 
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of X/4), or a higher harmonic. However, it becomes necessary to take conversion 
efficiency into account. 

In the above-mentioned embodiments, since the LED 11 is used as a light 
source, a laser medium such as a solid-state laser is not needed. Therefore, it is not 
5 necessary to perform adjustment operation such as structure alignment. 

Even if a semiconductor laser is used as a light source, a laser medium such as 
a solid-state laser is not needed. Therefore, it is not necessary to control the 
temperature of the semiconductor laser for controlling the wavelength of the laser light 
emitted from the semiconductor laser to be most suitable to the laser medium. 
10 Consequently, it is possible to simplify the driving circuit of the semiconductor laser, 
make the particle detector small, and achieve driving with a battery. 

In addition, since particles are irradiated with light having a shorter wavelength 
than the light from a light source, the intensity of the scattered light is higher than the 
case where particles are irradiated with the light from a light source directly. This is 
15 because the intensity of light scattered by particles is inversely proportional to the fourth 
power of the wavelength of the light incident upon the particles. 

Industrial Applicability 

As mentioned above, according to an aspect of the present invention, since 
20 particles are irradiated with light having a shorter wavelength than the light from a light 
source, it is possible to make the intensity of the scattered light higher than the case 
where particles are irradiated with the light from a light source directly. 

According to another aspect of the present invention, since the light is confined 
within an area between the reflecting film of the nonlinear optical crystal and the mirror, 
25 or between the minors, it is possible to obtain higher energy intensity compared to the 
light emitted from the light source. 
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